Home composting is a powerful tool, which is spreading in different parts of the world, to reduce 14 the generation of municipal waste. However, there is debate concerning the appropriateness, in 15 terms of domestic hygiene and safety, of keeping a composter bin in the household deputed to 16 kitchen waste of animal origin, such as meat or fish scraps and pet droppings. The purpose of our 17 work was to study how the addition of meat scraps to household waste influences the composting 18
Introduction 13
The last report of The World Bank estimates that the current worldwide average generation 14 rate of Municipal Solid Waste (MSW) per capita corresponds to approximately 1.2 kg per person 15 per day and that by 2025 this will likely increase to 1.42 kg/person/day, reaching 2.2 billion tons 16 of waste per year on a global scale (Hoornweg and Bhada-Tata, 2012). 17 In accordance with the last trend of environmental policies, composting is a valuable way of 18 waste treatment that contributes to reduce organic waste destined to landfill disposal or 19 incineration. Home and community composting have proven to be a sustainable strategy for food 20 waste management that can reduce costs and environmental impact due to collecting, transport 21 and treatment of MSW (Barrena et al., 2014) . In addition, home-made compost usually presents 22 better characteristics than full-scale compost because it is made by source-separated household 23 waste (Dimambro et al., 2007) . However, in general a long duration time is required in home 1 composting to fulfill the typical reference quality limits that are adoptable for compost (Tatàno et 2 al., 2015) . 3
A handful of studies exist concerning meat waste as feedstock for composting. In fact, the 4 presence of meat scraps in household compost is the subject of extensive debate that needs to be 5 further investigated. 6 Concerning the legal aspects, the disposal of meat waste for composting at a home-scale is 7 more or less regulated in the majority of countries. In European countries it is controlled under 8 the Animal By-Products regulation (Regulation EC 1069/2009). According to this regulation, 9 only a few European countries prohibit the inclusion of meat waste in home composting, while 10 most countries do not regulate the utilization of meat waste when it is composted at home or on a 11 community scale. It is quite obvious that specific legal rules for self-composting are needed to 12 clear the picture. In the United States, instead, single state regulation concerning home 13 composting is missing, since the utilization of meat waste for composting in situ is at the 14 discretion of the local authorities that can either allow it or not (Platt et al., 2014) . Table 1 . 2 The experimental trial evaluated the first 24 weeks of the composting process. The 6 weeks 3 of the feeding phase followed by the 18 weeks when no waste was added to the compost for all 4 treatments. Moisture content during composting was monitored qualitatively twice a week using 5 the "fist test". This involves squeezing a compost sample in the fist; if water emerges from the 6 fist, then the sample is too wet. The moisture content is suitable (approximately 50-60%) if the 7 pressed sample does not release water but remains compact; if it crumbles apart when released, it 8 is too dry (FCQAO 1994) . During the last weeks of the process the handling of the bins was 9 reduced to the minimum, consisting only of manual turning and watering when compost humidity 10 was less than 50%. According to the results of the Dewar self-heating test, the composting process 11 was considered ended 18 weeks after the last waste addition, when all the compost reached the 12
Rottegrade degree of V. The resulting composts were sampled, taking 6 sub-samples for each bin 13 at three different depths. Subsequently, the sub-samples were mixed and reduced to one final 14 sample of 3 L using the quarter method (TMECC, 2002) . In the end, the final sample was sieved 15 on a 16 mm mesh and characterized by physicochemical analysis. 16 
Evolution of the composting process 17
Throughout the composting process, the temperature inside each bin was measured by using 18 a digital stem thermometer that was placed in the middle of the bin's content. The temperature 19 was measured in 4 points of the composting material within the bin. The first and second points 20 were placed, respectively, at 20 and 40 cm from the ground, in correspondence with the 21 ventilation holes of the bin. The third point was at the top of the material inside the bin. Because 22 of the limited depth reached by the pin of the thermometer (20 cm), the temperature in the fourth 23 point was measured approximately in the center of the decomposing organic waste. Finally, the 1 average value of the 4 measurements was calculated and reported as the result. 2
The number of thermophilic days (NTD) was calculated as the number of days during which 3 the compost's temperature was higher than the thermophilic threshold (45ºC). The thermophilic 4 heat sum (THS) was calculated as the sum of the daily difference between the temperature reached 5 by the compost and 45ºC. carbon sources and one control well without a carbon source. The tetrazolium dye present on the 2 plates is reduced with NADH product of microbial activity, resulting in a purple coloration whose 3 intensity depends on the metabolic profile of a microbial community (Garland and Mills, 1991) . 4
The number of used substrates (NUS) was counted for each plate. The overall metabolic activity 5 in a plate was expressed as average well color development (AWCD), an index correlated with 6 the optical density of all wells of the plate (Riddech et al., 2002 ). The Shannon index (H), which 7 is correlated with the relative absorbance of a single well compared to the whole plate, was used 8 as a measure of diversity of the extent of utilization of particular substrates (Stefanowicz, 2006) . 9
All indexes were measured at 24, 48 and 72 hours after sample preparation. 10
Characterization of compost 11
At the end of the maturation phase, composts were sampled for the last time and dried at open 12 air for one week. Physicochemical analyses were conducted in air-dried grinded samples of Total N, total C (TC) and organic C (TOC) were determined by the LECO elemental analyzer. 19 Samples of compost were placed into a microwave digester with HNO3 and H2O2 without being 20 further milled, and were subsequently analyzed by ICP-OES to determine the concentrations of 21 nutrients and trace elements (Al, As, P, B, Be, Bi, Ca, Cd, Co, Cu, Fe, Li, Ni, P, Pb, Sb, Se, Ti, 22
Tl, V and Zn). 23
An analysis of the humic substance of composts was performed to characterize the organic 1 matter and observe differences of humification extent among the composts. The analysis of the 2 humic substance is largely employed to study the quality of the compost and its value as organic 3 fertilizer; the degree of organic matter humification is, in fact, an indicator of compost stability 4 and, consequently, reflects a better agricultural quality of compost (Bernal, 2009). During 5 humification, that occurs through the composting process, the microbial degradation of 6 recalcitrant fractions of organic matter and the following reactions of condensation and 7 polymerization decrease in less polymerized compounds (fulvic acids) and increase in the fraction 8 of humic acids of higher molecular weight (Iglesias-Jimenez and Perez-Garcia, 1992). Total 9 humic extract and humic acids content of compost were determined by the sequential fractionation 10 procedure described by Dabin (1971) and Duchaufour (1977) . The total humic extract was 11 obtained from extractions with Na4P2O7 and NaOH. The humic acids fraction was precipitated 12 from the total humic extract with HCl (pH 1-2). The organic carbon (Corg) content of the different 
Weed seed control 15
Weed seed vitality loss during composting was evaluated by two tests. 16 The first of these, a devitalizing seed test, was carried out by incubating some weed seeds 17 into the composting bin in order to observe the possible effects of their germination capacity. At 18 the fourth week of the experimental trial a wire mesh container with 100 seeds of Vicia sativa, 19
Onobrychis vicifolia, Melilotus officinalis, Agropyrum cristatum, Cynodon dactylon and 20
Plantago lanceolata and 40 seeds of Lupinus luteus was introduced into the center of the compost 21 of each bin. At the end of the trial the mesh was opened and the seeds placed in Petri plates with 22 moist paper and incubated at 20ºC with no light for 12 days, following the indication of ISTA 23 (1985) . The same number of seeds, but without being composted, was placed in the same 1 conditions as control group. 2
The second test consisted in the incubation of the obtained compost in pots at the end of the 3 maturation phase, in order to observe the possible presence of seeds capable of germinating and 4 plant parts capable of sprouting. Four 45 g samples of final compost were mixed with peat and 5 perlite at different ratios and were incubated in 8 L pots for 30 days in a heated glass greenhouse 6 with natural light and regular watering in optimal conditions for germination (method adapted 7 from FCQAO 1994). Germinated seeds were counted distinguishing between monocotyledonous 8 and dicotyledonous plants. 9 
Human pathogens 10
In terms of human health risks two indicators were utilized in this work to determine the 11 inactivation of pathogens during composting, following the legal requirements in Europe: 12
Salmonella spp. CFU (Colony Forming Units) in 25 g samples and Escherichia coli MPN (Most 13
Probable Number) in 1 g samples. Human pathogen levels were determined by analyzing samples 14 of the final compost. Salmonella spp. analysis was performed by using a technique of pre-15 enrichment, selective isolation and identification by automated immunoassay analyzer VIDAS 16 (adapted from ISO 6579). E. coli analysis was performed by using the horizontal method of MPN 17 (ISO 7251) in bright green broth, isolation on selective media and biochemical confirmation. 18
Data analysis 19
Statistical analysis was performed using SPSS 21.0 statistical software for Windows. A one-20 way analysis of variance (one-way ANOVA) was used to compare means among samples, while 21 the Student-Newman-Keuls test was used as a post-hoc test. The significance level was set at 0.05 22
Results and Discussion 1

Process control 2
The composting process ended well with no difficulties in all the bins. Although the 3 composters were located outdoors, we did not observe an increase of insects or rodents due to the 4 presence of decomposing meat. A typical ammoniac odor was slightly detected for a few days 5
following the first addition of meat waste since the process had not reached the range of 6 thermophilic temperature, which however disappeared in the following inspections. 7
Thermophilic temperatures appeared during the bins' feeding phase. Temperature was the 8 parameter that was most influenced by the presence of meat waste ( Figure 1 ). The mixture 9
(control treatment) without meat waste (M0B1) was characterized by the lowest temperatures, 10 reaching values above 45ºC (Table 2 ). In contrast, the temperatures recorded for the other three 11 mixtures (experimental treatments) fed with meat waste exceeded 55ºC. Significant differences 12
were observed between the M1B1 and M2B1 treatments, showing that the temperatures reached 13 during the experiment depended on the ratio of meat waste delivered to the bins. The number of 14 thermophilic days (NTD) and thermophilic heat sum (THS) followed the same trend, with higher 15 values for M2B2 followed by the M2B1 treatment ( Table 2 ). The addition of bulking agent 16 allowed a good aeration during composting, favoring microbial respiration and augmenting 17 exothermic activity of the decomposition process. Double bulking agent ratio generally increased 18 the temperature trend, which reached values even above 55ºC. As reported by Smith and Jasim 19 (2009), the ideal thermophilic temperatures during the composting process at a small scale are 20 sometimes difficult to be reached if only vegetable residues are composted. On the contrary, all 21 the bins filled with meat waste reached thermophilic temperatures in our experimental trial. 22
Nevertheless, a higher porosity and aeration entailed a greater sensibility in the variation of 23 decreased, which was all the more evident in the treatment with double bulking agent ratio 1 (M2B2) where the highest decrease of temperature was observed; likewise, M2B2 increased the 2 temperature quickly when enough moisture was provided by watering again (Figure 1) . 3
During the experiment, large losses of water were actually observed for all treatments. Nine 4 irrigations were made to avoid a standstill of the decomposition process when the moisture of the 5 composting material was less than 50%. For practical reasons, watering was performed 6 simultaneously on all treatments but different volumes (15-20 L) of water were fed on the basis 7 of the specific needs of each bin as deduced from the results of the "fist test". All bins exposed to 8 roughly the same treatment showed similar moisture levels and received an almost equal amount 9 of water. Leachate production was not observed during the experimental trial. 10
Bin composting was efficient in treating the total amount of 120 kg of household organic 11 waste in 24 weeks. Due to the gas losses produced throughout the process, both the volume and 12 weight were reduced by almost half (Figure 3 ). These losses could be due to microbial activity (C 13 and N gas emissions) and evaporation of water. The weight loss rates were between 51.5 and 14 69.9%. The treatments with meat and low rate of bulking agent (i.e. M1B1 and M2B1) presented 15 a greater weight loss due to the increased decomposition activity during composting, while M2B2 16 presented a lower weight loss even when compared to M0B1. The volume loss rate was 17 statistically lower only in the M2B2 treatment (Figure 3 ). This percentage was calculated using 18 the data of volume and weight of compost without sieving. Although the higher aeration in M2B2 19 should have increased aerobic decomposition (according to temperature trend), the loss ratios 20 were the lowest due to the high proportion of woody material whose decomposition was more 21 difficult. No significant differences were observed between M1B1 and M2B1 for both parameters, 22
indicating a greater influence of the dose of bulking agent than that of meat waste (Figure 3) . 23 Dewar test's results recorded a good stability degree for all composts obtained (Rottegrade 1 Index V: "finished compost: very stable, well-aged compost"). All composts presented an average 2 value of the Solvita maturity index corresponding to compost in the curing phase with reduced 3 management requirements. Although no significant differences were found between treatments 4 in terms of average of Solvita index, the ranges of the Solvita index for the 4 repetitions of each 5 treatment were different, showing better maturity of the M1B1 and M2B1 treatments (index range 6 values 6-7) than M0B1 and M1B1 (range 5-6). Like the weight and volume loss ratios, the Solvita 7 index range was higher with the combination of meat waste and low rate of bulking agent. 8
Although composition of feedstock was different for each treatment, no significant 9 differences between treatments were observed concerning the Biolog® principal indexes 10 (AWCD, NUS, H), which are associated with microbial profiles of carbon source utilization 11 (Table 3) . Therefore, according to the Biolog results, the addition of meat waste did not affect the 12 phenotypic diversity of the microbial population. 13
Physicochemical characteristics of compost 14
In our experimental conditions, all composts presented sub-alkaline pH and electrical 15 conductivity under the recommended limits for composting as growing media (Wrap, 2011). 16
According to our results (Table 4) , pH and conductivity values were more dependent on the dose 17 of bulking agent than that of meat waste, decreasing their value with the increase in woody 18 material ratio. Treatment with double ratio of pruning residues (M2B2) presented, in fact, the 19 lowest values of pH and conductivity while no differences were observed among the remaining 20
treatments. 21
Compost density ranged from 285 to 308 kg/m 3 , with no differences among treatments. No 22 differences were found among treatments also concerning dry matter content (Table 4) . 23
The values in total nitrogen content and C/N ratio were according to those reported in the 1 literature for household composting in bins (Preston et al., 1998 . Karnchanawong and Suriyanon, 2 2011; Adhikari et al., 2013) . Treatments with meat as feedstock presented from 25 to 50% more 3 nitrogen in the final compost compared to vegetable compost alone (Table 4 ). In contrast, C/N 4 ratio passed from values higher than 13 for the vegetable treatment (M0B1) to values lower than 5
12 with the addition of meat waste. Thus, the presence of meat waste in the compost determined 6 the increase in nitrogen content and decrease in C/N ratio. 7
In terms of organic matter and humic substance parameters, the carbon of humic substance 8 represents a very high percentage of organic carbon. Total organic carbon (TOC) contents 9 presented the same trend as total carbon (Table 4) HI results were statistically higher for treatments with 15% of meat waste (M2B1 and M2B2), 22 and the index reached its peak when meat waste addition was combined to high bulking agent 23 ratio (M2B2; Table 4 ). The percentage of humic acids in Total Humic Extract (PHA) and Cha/Cfa 24 ratio reflected the same trend. The highest values of these indexes in the M2B2 treatment showedthat meat waste addition associated with a higher aeration increased the levels of organic matter 1 humification (Table 4) . 2
The ratio between humic and fulvic carbon (PI) also increases during the composting process. 3
This parameter is largely utilized to quantify the level of humic substance's polymerization. 4
During the composting process, fulvic acids are the first to be formed, in which aliphatic chains 5 predominate over aromatic rings; humic acids form at a later stage by condensation of the aliphatic 6 chains, increasing the volume of aromatic nuclei (Stevenson, 1994) . While the fulvic acid fraction 7 decomposes the humic acids level remains stable (Cheftez et al., 1996) . In our experimental 8 conditions, humic acids (HA) predominated over fulvic acids (FA) , showing that the compost 9 obtained had reached a good level of maturity. 10
Elemental content (Table 4) presented no significant differences among treatments for P, Ca, 11
Fe, B and Mo contents in composts, while significant differences were found for K, Mg, S, Mn, 12 Na and Sr. Sulfur content in compost increased with meat addition to feedstock. Potassium and 13 sodium concentration was significantly higher in M1B1 and M2B1 treatments while M2B2 14 showed the lowest concentration of Mg, Mn, Na and Sr. Our results show that meat addition can 15 increase the contents of certain nutrients, a trend that can be counteracted by a higher proportion 16 of bulking agent. Finally, the addition of meat waste had no influence in terms of concentration in heavy metals of 2 the compost obtained. 3
Phytotoxicity 4
In terms of compost's phytotoxicity, negative effects of meat addition on pH, salinity and 5 heavy metals content were previously ruled out. 6
According to these conclusions the results of the germination bioassay (Table 5) showed that 7 meat addition did not increase the compost's phytotoxicity. All compost extracts showed 8 phytotoxicity when applied without dilution. At the opposite, no phytotoxic effects were observed 9 when the compost extracts were employed at maximum dilution (1:3). Phytotoxicity of compost 10 extracted of water decreased with dilution in all treatments except for M0B1. Diluted extract at 11 50% (1:1) showed phytotoxicity only for M0B1 treatment in lettuce. Only extract of M2B2 (in 12 cress) and M0B1 (in lettuce) with dilution 3:1 showed an average value of IGe over 60 (no 13 phytotoxicity) but no significant differences were observed among treatments because of the high 14 variability of the results obtained. Finally, it should be stressed that the potential phytotoxicity of 15 compost may be of concern particularly when utilizing compost for the production of pot plants 16 and if used undiluted or in large amounts in the growing media formulation (Tatáno et al., 2015). 17
Weed seeds control 18
The ability of seeds to germinate can decrease during the composting process because of the 19 high temperature reached (Grundy et al., 1988). Concerning the devitalizing seed test, home 20 composting in bins was shown to be effective on the control of the vitality of weed seeds present 21 in the raw feedstock, independently from the addition of meat waste. Among all the seeds 22 collected at the end of the composting process, only one seed (O. vicifolia), which was found ina bin of M2B2 treatment, was capable of germinating (Table 6 ). Probably the high temperatures 1 at the center of the compost proved to be effective for the loss of vitality of weed seeds also in the 2 M0B1 treatment. 3 A different conclusion was reached concerning the other test, i.e. the incubation of the 4 obtained compost in pots (Table 7) . In this case, germinated seeds were observed during the 5 incubation of compost in pots. A high proportion of viable seeds present in the initial feedstock 6 were tomato seeds, described as heath-tolerant seeds (Alvarado and Bradford, 1988) . Seeds 7 capable to germinate were clearly present in larger proportion in the compost of M0B1 treatment; 8 this result clearly suggests that the increase in temperature due to the addition of meat waste can 9 be useful in the germination control of weed seeds. 10
It is possible to conclude, by comparing the results of both tests, that the home composting 11 process reached a temperature that was high enough to devitalize seeds; however, the lack of 12 uniformity of the turning operation could not rule out the presence of seeds that were capable of 13 germinating in the compost obtained, especially when no animal waste was added and the 14 temperature profile in the bin was not so high. In the devitalizing seed test, during composting, 15 the mesh was placed in the center of the bin where the temperature was higher. In this test the 16 high temperature was confined to the center of the bin where seeds lost their vitality, whereas 17 lower temperatures were observed in the more external layers, which remained cold, so that seeds 18 did not lose their vitality. To achieve the devitalizing requirement heat needs to be distributed 
Levels of human pathogens 1
The levels of studied human pathogens observed in the compost of each treatment are 2 presented in Table 8 . Salmonella spp. was not detected in any 25 g samples of the composts, even 3 when meat waste was added. Background levels of E. coli were not closely examined in this study 4 but might be a key in understanding the source of contamination of the compost. 5
Escherichia coli counts presented a high variability even between bins of the same treatment. 6
Vegetable compost (M0B1) did not show the presence of E. coli in 1 g samples for all repetitions 7 (Table 9) compost is indispensable in order for the entire material within the bin to be exposed to high 23 temperatures, it is possible, however, that the conventional turning with the manual screw used 24 in this trial could have re-inoculated the sanitized layer with the non-sanitized compost. Furtherresearch is required concerning the development of a more efficient system to turn the compost 1 in the bin, by employing rotary drums or earthworm populations. According to our results the 2 increment of bulking agent ratio (M2B2 treatment) increased the temperature during composting 3 but was not enough to ensure that the overall compost was exposed to optimal thermophilic 4 conditions. 5
In sum, the addition of meat as feedstock for home composting can slightly increase the 6 presence of E.coli. However, the sanitary safety of compost can be improved through the proper 7 management of the bins, with a correct control in moisture, regular and intensive turnings and 8 long residence time of waste in composters. 9
Conclusions 10
The addition of meat waste as feedstock for composting in bins increased the temperature 11 during aerobic decomposition. Consequently, several parameters were affected under higher 12 temperature. The home-made compost obtained with meat waste reached maturity more quickly 13 and presented a higher organic matter humification. Animal protein addition also increased 14 nitrogen content, reducing C:N ratio of the final compost and increased K, Mg, Mn, Na, Sr and 15 S. In addition, meat waste did not affect the volume losses during composting, and the density or 16 final moisture of the compost obtained. Electrical conductivity and pH of compost were more 17 influenced by the addition of bulking agent than that of meat waste. In general, compost made in 18 bins with household meat waste showed a better quality than that of vegetable content alone whilst 19 the utilization of meat feedstock did not increase phytotoxicity, salinity, viable seeds presence, 20 pH or heavy metals content. From the viewpoint of hygiene and health, meat offal could slowly 21 increase E.coli levels in the final compost. However, the proper handling and intensive turning of 22 the compost to ensure that all the waste material is exposed to high temperatures as well as the 23
proper management of the composting operations can reduce the presence of coliforms under 1 safety levels. Maximum Temperature (ºC) Table 5 . Index of germination (IGe) results by bioassay among treatments with different feedstock composition (Phytotoxic when IGe < 60). Reported results are the sum of 4 pots for each treatment 
Fig. 1.
Composter bin utilized in the experiment (Komp 320, Container Trading WFW GmbH, Austria). 
